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Abstract 
Barium Strontium Titanate (BST) thin film has been manufactured by using chemical solution deposition (CSD) method with 
annealing temperature of 850 0C and variations  of  the  holding  times of 8, 15, 22 and 29 hours. BST thin film was pyroelectric 
material which was sensitive to temperature. Thin film which has been made will be used for temperature sensors on the satellite. 
The BST thin film sensitivity has been characterized against the temperature. Before analyzed, BST thin film was connected to 
the amplifier (op amp) circuit for increasing the sensitivity. This film was put into the furnace with temperature variations of 
around 30-100 0C. Then the electrical conductivity and pyroelectric properties from the resulted thin films were characterized. 
The results showed that the higher the temperature lead to the lower the resistivity and the higher the conductivity. Based on the 
data, the BST thin film of 29 hours has the highest pyroelectric coefficient of 8x10-5 C.m-2.K-1 among others. 
© 2015 The Authors. Published by Elsevier B.V. 
Selection and peer-review under responsibility of the LISAT-FSEM Symposium Committee. 
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1. Introduction 
Barium Strontium Titanate (BST) is a ferroelectric material and has extensive applications as an electronic 
material. It can be used as a light, distance and thermal sensor [1-5]. BST thin film could be made by several 
methods including Pulsed Laser Deposition (PLD), Metal Organic Solution Deposition (MOSD), Sol-Gel Process, 
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dip coating and RF antikan magnetron Sputtering [6-10]. There is also a method of Chemical Solution Deposition 
(CSD) which has been developed for the growth of perovskite thin films [11]. In this study BST thin films were 
prepared by the method of chemical solution deposition (CSD) because this method is easy, relatively cheap, and 
generate great results [12, 13]. 
In this study, BST thin film has been made with CSD method and its pyroelectric properties have been tested. 
Pyroelectricity is the ability of certain materials to generate an electric potential when the material is heated or 
cooled [14]. As a result of these temperature changes, positive and negative charges move to opposite ends through 
migration (eg material becomes polarized) and thus, forming an electrical potential [15]. From these pyroelectric 
properties of the thin film, BST is potential to be applied as sensors to monitor the temperature inside the satellite. If 
the current pyroelectric property is generated high enough, then the BST thin films could be used as an alternative 
energy source for satellites. 
2. Method 
Ba0,5Sr0,5TiO3 films were made by mixing Barium Acetate [Ba(CH3COO)2, 99%], Strontium Acetate 
[Sr(CH3COO)2, 99%] and Titanium isopropoxide [Ti(C12O4H28), 97.99%] with 2,5 ml of 2-Methoxy ethanol as 
solvent. The solution was stirred with a Branson 2210 ultrasonic stirrer for 90 minutes [16]. 
The chemical formula for the manufacture of BST thin film as follow: 
0,5Ba(CH3COO)2  +  0,5Sr(CH3COO)2 +  Ti(C12H28O4) +  22O2  → Ba0,5Sr0,5TiO3 + 17H2O + 16CO2 
Furthermore, the growth of the film on the substrate Si (100) P-type which had been cut in a circle shape with a 
diameter of 8 mm and was washed with distilled water. Substrates which had been placed on top of the disk spin 
coating were given drops of 20 ml BST solution. Then they were rotated at 3000 RPM for 30 seconds. Spin coating 
process was performed with three repetitions in order to form a thin film wafer. The next process was the annealing 
which aimed to diffuse the BST solution on a silicon substrate. Annealing was performed at a temperature of 850 oC 
with a holding time variation of 8, 15, 22, 29 hours [17, 18]. 
Temperature testing was performed using a Wheatstone bridge circuit which was coupled with the BST thin film 
as shown in Fig. 1. This circuit would increase the sensitivity of the film. Thin film was inserted into the furnace and 
assigned the temperature around 30-100 oC. The results of these tests then were being processed with electrical 
conductivity and characteristics of the pyroelectric BST thin film. 
 
Fig 1. BST thin film coupled with wheatstone bridge circuit 
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3. Result and Discussion 
3.1. Electrical Conductivity Testing 
 Figure 2 shows the electrical conductivity value of each thin film. Electrical conductivity increases with the 
increasing in temperature; this is because electrons are being excitated in the valence band to the conduction band. 
The electrons in the conduction band could move freely under the influence of an electric field so that more 
electrons are excitated into the conduction band when temperature increases. It will increase the current and 
deacrease the sensor resistivity. The value of the electrical conductivity of the BST thin films derived from the data 
are in the range of semiconductors due to be in the range (10-8 - 103) S/m2 [19]. 
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Fig. 2. Conductivity BST thin film (a) 8; (b) 15; (c) 22 and (d) 29 hours 
3.2. Pyroelectric Properties 
Pyroelectric coefficient is obtained from samples of current density equations with cross-sectional area A as in 
equation 1: ௗூ
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From equation 1 with the dipole moment as in equation 2: 
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P is the spontaneous polarization and l is the thickness of the sample resulting pyroelectric coefficient ௗ௉ௗ் and 
the temperature rises every second of ௗ்ௗ௧  as in equation 3. 
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Fig 3. Pyroelectric BST thin film (a) 8; (b) 15; (c) 22 and (d) 29 hours 
The Fig. 3 show pyroelectric properties as rising temperature was given to the BST thin films. The current of 
BST thin films increases along with the increase of temperatures. Current increases because many electrons are up 
to the conduction band to leave a hole in the valence band into the carriers in semiconductors. Based on the data 
obtained, the BST thin films with annealing time variation of 29 hours have the largest pyroelectric coefficient 
which is 8x10-5 C/m2K compared to the time variation of the other BST thin film. BST thin film pyroelectric 
coefficient of variation of annealing time can be seen in table 1. 
Table 1. Pyroelectric coefficient BST thin film 
Material P (C/m2K) 
BST thin film 8 hours  7,00E-06 
BST thin film 15 hours 2,00E-07 
BST thin film 22 hours 1,00E-07 
BST thin film 29 hours 8,00E-05 
4. Conclusion 
The higher temperature applied the bigger conductivity of the film. The BST thin films with annealing time of 
29 hours have the largest pyroelectric coefficient 8x10-5 C/m2K and the highest sensitivity to temperature change 
than others. The test results showed that the BST thin films are sensitive to temperature changes, so they possess 
the potential to be applied in monitoring the temperature inside the satellite. 
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